Summary.
An attempt is made in this review to elucidate the functional characteristics of paraneurons.
The secretory functions of neuron, neurosecretory cell and paraneuron consist of three main phases : secretion, transmission and reversion. Secretion can be divided into a steady state and an activated state.
A paraneuron behaves characteristically in the active phase of secretion and in the phase of transmission.
There are three main events in the activated phase of secretion ("stimulus-extrusion coupling") in paraneurons, reception of stimulus, conduction of excitation, and extrusion of secretory substances.
These three events seem to correspond to the functional characteristics in the three different regions of the paraneuron membrane.
A stimulus-induced change in conformation in the input region of paraneurons may result in the inward movement of Na+ and Ca++.
The inward movement of Na+ sometimes coincides with a graded depolarization which may occasionally generate all-or-nothing, short-duration action potential possibly in the intermediate region.
A rise in [Ca++] i, whether it coincides with Nadependent depolarization or not, may initiate extrusion of granules. If eccytosis is the mode of extrusion of secretory granules of paraneurons, the cell membranes at the output region should be rearranged by fusion with the membranes of granules.
Ionic permeability of the output region might decrease during eccytosis if ionic permeability of the granule membrane is lower than that of other regions. Somatostatin in most cases and insulin in a specical case may act locally on the adjacent target cells, and such a mode of transmission may come into the category of paracrine secretion.
1. Secretory functions of a neuron, a neurosecretory cell and a paraneuron
Physiology is about the function of living organisms, and the physiology of paraneurons is about the function of living paraneurons.
For a century past, physiology of neurons has been developing into a full-blown discipline.
The physiology of the paraneuron, however, is as yet an unblossomed discipline despite the prelusive works done by TAKAMINE who discovered adrenaline in the adrenal medulla in 1901 and by BAYLISS and STARLING who discovered secretin in the intestinal mucosa in 1902. Paraneurons seem to possess several fundamental features in common with neurons and neurosecretory cells. The secretory functions of these cells consist of three main phases: secretion, transmission and reversion.
The word, secretion used in the present paper means a chain of processes in which the following three main steps may be involved: ingestion, synthesis, and extrusion (JUNQUEIRA and HIRSCH, 1956) . These main steps of secretion can be divided into a steady and an activated state : in the former state, activities of the secretory cells are almost free from the influence of stimuli; and in the latter state, the cells are activated by the stimuli. To explain the chain of processes more in detail, each state of secretion is subdivided into four steps. Comparing the corresponding items among the columns of neuron, neurosecretory cell and paraneuron shown in Table 1 reveals that a paraneuron behaves characteristically in the activated state of secretion and in the phase of transmisson.
T. KANNO: 2. Activated state of secretion: stimulus-extrusion (secretion) coupling Adrenal chromaffin cell. Among a wide variety of secretory cells including paraneurons, the cellular mechanism of catecholamine extrusion from the adrenal chromaffin cell has been most extensively investigated, and the cell is now regarded as a leading model for secretion (see DOUGLAS, 1968 DOUGLAS, , 1975 DOUGLAS, , 1976 RUBIN, 1970a RUBIN, , 1974 KANNO, 1968 KANNO, , 1976 , and as a typical paraneuron (KOBAYASxi, 1976) . To include all the events occurring in the activated state of the secretion, the term "stimulus-secretion coupling" was proposed by DOUGLAS and RUBIN (1961) . The term was patterned after the phrase "excitation-contraction coupling" (SANDOW, 1952) to represent a possible common mechanism, in which an increase in free calcium ions in these cells preludes the activated state of secretion.
The word "secretion" used by DOUGLAS and RUBIN designates only the step of extrusion, and the term "stimulus-extrusion coupling" will be used hereinafter in place of "stimulus-secretion coupling."
About 10 years ago, Professor W. W. DOUGLAS, Dr. S. R. SAMPSON and the author have applied the electrophysiological technique of intracellular recording with microelectrodes to the adrenal chromaffin cell (KANNO, SAMPSON and DOUGLAS, 1966; DOUGLAS, KANNO and SAMPSON, 1967a, b; DOUGLAS and KANNO, 1967; KANNO and DOUGLAS, 1967) . We combined the techniques of electrophysiology with those of tissue culture and could obtain satisfactory records from adrenal chromaffin cells. Electrophysiological responses were thus recorded in chromaffin cells following the application of acetylcholine (ACh), the transmitter substance liberated by the secretomotor nerves to the chromaffin cells of the adrenal medulla (KANNO, SAMPSON and DOUGLAS, 1966; DOUGLAS, KANNO and SAMPSON, 1967a) . The depolarizing effect was detected with a concentration of about 20;iM, and increased with increasing concentrations of ACh.
The effect increased as the extracellular concentrations of sodium ((Na) o) and calcium ((Ca) o) were raised (DOUGLAS, KANNO and SAMPSON, 1967b) , the effect was partly depressed by amethocaine, a local anaesthetic, when the extracellular environment contained both Na and Ca, and was completely blocked by the drug in Na-free environments (DOUGLAS and KANNO, 1967) .
Until recently, the adrenal chromaffin cell had been regarded as electrically a neurosecretory cell and a paraneuron inexcitable. The electrical excitability of chromaffin cells was debated some 40 years ago by CANNON and ROSENBLUETH (1934-1937) and different groups of French investigators who attempted to answer the question by passing current through denervated adrenal glands (See CANNON and ROSENBLUETH, 1937) . About 10 years ago, experiments were designed to examine the depolarizing effect of ACh on individual cells maintained in tissue culture medium. ACh was being given by local injection through a micropipette while membrane potential was being recorded from the gerbil chromaffin cells maintained in cell culture (KANNO and DOUGLAS, 1967) . ACh (5.5 mM) delivered from a micropipette close to the cell causes the membrane potential to depolarize within a second or so from about -30 mV to about -10 mV. The depolarization induced by ACh, even when large and rapid in onset, was not accompanied by evidence of spike generation. Similar experiments were carried out in recent years on isolated and perfused adrenal medulla of guinea pigs (T. KANNO, E. HARADA and K. ISHIKAWA; quoted by KANNO, 1976) . Chromaffin cells were rapidly depolarized by carbamylcholine or by passing current through the recording electrode; but they did not generate action potentials, and appeared to be electrically inexcitable.
The electrical excitability of chromaffin cells was recently re-examined by two different groups in the East and West Coasts of the United States. BIALES, DICHTER and TISHLER (1976) have studied electrophysiological properties of the adult human and gerbil adrenal chromaffin cells maintained in dissociated cell culture. In their best recordings, the membrane potentials exceeded -50mV. In the presence of nerve growth factor, the cells were capable of generating all-or-nothing action potentials, which were blocked by tetrodotoxin (10'6 g/m1=3~cM). The cells were depolarized by iontophoretic application of ACh, and the depolarization could trigger action potentials. Brandt and his co-workers (BRANDT et al., 1976) have studied the rat chromaffin cells maintained in cell culture. The resting potential was -49±6 mV (mean ± S.D.) in a standard medium containing 10 mM-Ca. In this high Ca medium, the cells were also capable of generating all-or-nothing action potentials, the major fraction of which disappeared either upon omission of external Na ions from the standard medium or addition of 1 pM-tetrodotoxin. A transient membrane depolarization was induced by iontophoretic application of ACh in the standard medium. These two reports equally show that the cell is electrically excitable.
The question now raised by these electrophysiological experiments is: what roles do depolarization and action potential play in the stimulus-extrusion coupling? To correlate the depolarization with the extrusion of catecholamine, intracellular membrane potential and effective membrane resistance had been recorded from several chromaffin cells in the course of perf using the adrenal medulla of the guinea pig and the rat (T. KANNO, E. HARADA and K. ISHIKAWA; quoted by KANNO, 1976) . The results showed that both ACh and carbamylcholine depolarized the chromaffin cells, decreased effective membrane resistance, and augmented adrenaline extrusion. There is as yet no simultaneous recordings of the action potential and the catecholamine extrusion in the same preparation. However, BRANDT and his co-workers (1976) suggested a possible participation of the spike generation of chromaffin cells in the stimulus-extrusion coupling: KIMURA (1974) observed in our laboratory that the output of catecholamine from the perf used rat adrenal medulla became significant at 0.5 ,uM-ACh and the output approached saturation at 50 tiM; these concentrations agreed well with those affecting frequency of action potential (BRANDT et al., 1976) . In recent experiments, we have re-examined the relation between the dose of ACh and adrenaline output in the perf used rat adrenal medulla, and have pointed out a coincidence between this relation and the relation obtained by BRANDT and his group between the doses of ACh and frequency of action potential (IsHIKAwA, HARADA and KANNO, 1977) . These experiments, however, cannot produce direct evidence supporting the view that action potentials are normally and indispensably involved in the stimulus-extrusion coupling in chromaffin cell. The view does not harmonize with classical experiment, in which ROSENBLUETH and CANNON (1934) showed that the innervated cat adrenal gland secreted readily when stimulated by means of induction shocks at tetanizing frequency, whereas the same type of stimulation was ineffective on the denervated gland.
Furthermore, the view may hardly be formed from the following morphological features of the cell: (1) each cell receives one or more nerve endings (GRYNSZPAN-WINOGRAD, 1974) , and there is no need for intercellular propagation of excitation; (2) the site for granular extrusion in the cell may be in the vicinity of synapse, and there is no axon-like structure.
Pancreatic B cell. Another paraneuron that is capable of generating action potentials is the B cell in the islet of Langerhans. DEAN and MATTHEWS (1968, 1970a, b) were the first to show that the B cell of the pancreatic islet exhibits electrical activity when increasing the extracellular D-glucose concentration above 2.8 mM. This electrical activity consists of spike potentials which resemble action potentials of excitable cells and tend to occur in bursts. These observations have been confirmed by others (PACE and PRICE, 1972; MEISSNER and SCHMELZ, 1974) . From a comparison of the dose-response relation, the generation of action potentials in B cells appears well correlated with the extrusion of insulin for a given concentration of D-glucose. (DEAN and MATTHEWS, 1970a; MATTHEWS, DEAN and SAKAMOTO, 1975) . DEAN and MATTHEWS (1970a) showed the result that there was a linear relation between the membrane potentials and the logarithmic concentration of glucose in the range between l and 30 mM. MATTHEWS and SAKAMOTO (1975a) showed further that (1) the population of cells showing a spike in response to intracellular current injection was less than 100 of all cells impaled in a solution containing a low D-glucose concentration (2.8 mM), (2) spikes were also induced by current injection in glucose-free, but not in Ca-free solution, and (3) D-600 (50 tcM) blocked the electrical activity induced by D-glucose, tolbutamide or current injection and these inhibitory effects were reversed by a threefold increase in (Ca) 0 to 7.68 mM. From these results, they have concluded that the electrical activity induced in islet cells by D-glucose, tolbutamide and current injection is due mainly to Ca" influx and is dependent on the level of the membrane potential. The increase in Ca ++ influx and the resulting rise in (Ca) i would initiate extrusion of isulin as this has been suggested in the B cell (HALES and MILNER, 1968b; CURRY, BENNET and GRODSKY, 1968a; LACY, 1970; MALAISSE and MAIAISSE-LAGAE, 1970; HELLMAN, 1975; GERICH, CHARLES and GRODSKY, 1976) . A net gain in (Na) i may also contribute to the extrusion of insulin. Ouabain, low temperature, low (Na) o and zero [K] O conditions which inhibited the Na pump in most tissues increased insulin output from pancreatic islets (MILNER and HALES, 1967; LERNMARK, 1971; LAMBERT, HENQUIN and MALVAUx, 1974) ; and all these conditions depolarized islet cells without inducing electrical activity (MATTHEWS and SAKAMOTO, 1975b) . Underlying each of these effects is an increase in CNa) i which may induce a corresponding rise in CCa~ i (MATTHEWS and SAKAMOTO, 1975b) either by the operation of a membrane Ca-Ca exchange process as HALES and MILNER (1968a, b) have proposed, or, alternatively, by mobilization of Ca++ from a membrane bound or intracellular store (MATTHEWS,1974) .
The linear relation between the membrane potential and the logarithmic concentration of glucose (DEAN and MATTHEWS, 1970a) , however, could not be confirmed by others. MEISSNER and SCHMELZ (1974) elucidated that neither the membrane potential, nor the pattern of spike generation, nor the amplitude of spike showed clear dependence on the glucose concentration, and that the relation between the duration of spike activity and the glucose concentration resembled the relation between the amount of insulin output and the glucose concentration.
The relative duration of the plateau phase of electrical activity induced by glucose showed a distinct biphasic time course (MEISSNER, 1976a) which strongly resembles the biphasic output obtained from whole pancreas (CURRY, BENNETT and GRODSKY, 1968b) or from a group of isolated islets (LACY, WALKER and FINK, 1972; LAMBERT HENQUIN and MALVAUX, 1974) . The spontaneous repolarization phase of the burst and consequently its duration, may depend both on the potassium permeability and on an electrogenic Na-pump (MEISSNER, 1976a) . A view that an electrogenic Na-pump may participate in the repolarization phase was initially suggested by MEISSNER and SCHMELZ (1974) and was soon supported by experimental evidence (ATWATER and MEISSNER, 1975) .
The question now arises whether the electrical activity can spread electrotonically from one cell to another within an islet. To elucidate this question the eletri cal acitvity from two different cells was measured by simultaneous impalement with two micro-electrodes (MEISSNER, 1976b) . The results obtained showed that the electrical activity was synchronized in a high percentage of B cells which are located closely together within an islet. This synchronization concerned mainly the slow waves, whereas the fast spike activity seemed to be synchronized only partially. Since the B cells are connected by gap junctions (ORCI, UNGER and RENOLD, 1973; BERGER, DAHL and MEISSNER, 1975) , and many of these cells seem to be coupled electrically, it is possible that the slow waves originate in one cell and stimulate the coupled cells by electrotonic spread (Meissner, 1976b) .
The findings mentioned above show that the cell membrane of B cell is electrically excitable in the same manner as the membrane of chromaffin cell, and give influential support to the view that the B cell is a paraneuron. The cellular mechanism underlying the electrical activity of B cell and the insulin extrusion is, however, far from conclusive.
The final common step in the stimulus-extrusion coupling in the B cell may also be an increase in the cytoplasmic concentration of free, diffusible Ca++ that determines the rate of extrusion of secretory granules.
This theory has been accepted among a wide variety of cells which secrete hormones, digestive enzymes or chemical transmitters (DOUGLAS, 1968; SIMPSON, 1968; RUBIN, 1970a RUBIN, , 1974 SMITH, 1971; CASE, 1973 , HUBBARD, 1973 . In addition to this cardinal role of [Ca) , an interaction between Ca and cyclic AMP in the final step of coupling in the B cell has also been suggested by several investigators (see GERICH, CHARLES and GRODSKY, 1976) . Pancreatic A cell. While the effects of Ca on insulin extrusion and electrical activity have been widely investigated in the pancreatic B cell, the effects of Ca on glucagon extrusion have been reported in a limited number of papers, and little is known of the electrical activity of the pancreatic A cell. GERIcH and his co-workers (1974) studied the effect of alterations in [Ca) 0 on glucagon output from the isolated and perfused rat pancreas and obtained the following results: (1) perfusion with a solution containing Ca ++ (2.5 mM), arginine (19.2 mM) alone or with glucose (5.6 mM) caused biphasic glucagon output, (2) during perfusion with a Ca++-free solution, the glucagon output was reduced to less than 100 of the output in the presence of Ca++, (3) and re-introduction of 2.5 mM-a++ tot e solution during continuous stimulation promptly restored glucagon response toward the control level. The requirement of Ca for normal secretory function of the A cell is compatible with the results that [Ca) 0 is able to stimulate glucagon output in the presence of Ca-ionophore, A23187 (ASHBY and SPEAKS, 1975; WOLLHEIM et al., 1976) .
G Cell. In the last decade a great deal of work has been done on the cytology and biochemistry of endocrine cells in the gastro-enteric mucosa. As a result, it is known that about ten types of cells are differentiated in the various parts of gastroenteric mucosa (see CAPELLA, et al., 1976) , and that about ten different peptides or amines are isolated from the mucosa (GROSSMAN,1974) . These endocrine cells in the gastro-enteric mucosa have been regarded as members of the paraneuron (FUJITA, 1976) and the APUD system (PEARSE, 1976) . But, there is as yet very little information available on the cellular mechanisms in the stimulus-extrusion coupling in these cells.
The chemical nature of gastrin was defined by GREGORY and TRACY (1964) : they succeeded in purifying gastrin from antral mucosa, and found gastrin to be a pair of 17-aminoacid peptides, which they named gastrin I and gastrin II. In 1968 MCGUIGAN reported the first successful production of applicable gastrin antibody, and since then several groups have presented data on production of useful antisera (see, REHLFELD, 1973) . Gastrin immunoreactive cells could then be demonstrated in the mucosa of the pyloric antrum (SOLICA, VASSALLO and SAMPIETRO, 1967; SOLCIA, VASSALLO and CAPELLA, 1969) , and the cells of human showed figures indicating granular extrusion by eccytosis after NaHCO3 infusion (OSAKA, SASAGAWA and FUJITA, 1973) . Examination of the effect of [Ca) 0 in the gastrin extrusion was the prelude to research into stimulus-extrusion coupling in the gastro-enteric endocrine cells. In patients with Zollinger-Ellison syndrome, a Ca infusion caused a rise in plasma concentration of gastrin-radioimmunoreactivity, GRI (TRUDEAU and MCGUIGAN, 1969; ISENBERG et al., 1972) . REEDER and his co-workers (1970) have demonstrated that elevation of serum Ca level by infusion of Ca gluconate caused increases in gastric acid secretion and i n serum gastrin concentrations in normal individuals and in duodenal ulcer patients. These results were then confirmed by SEGAWA and his co-workers (1974) . In the dog, however, neither acid output nor serum gastrin level were elevated during Ca infusion (REEDER et al., 1970) . REEDER and his co-workers (1970) eliminated the possibility that gastrin extruded by Ca infusion was mediated via the vagus on the following evidence: injection of atropine consistently diminished the Ca-induced gastric acid secretion but did not decrease the elevated level of serum GRI. REEDER, CONLEE and THOMPSON (1972) demonstrated also that Ca taken orally stimulated GRI extrusion in duodenal ulcer patients, and that the serum GRI levels elevated concurrently in these patients.
Cholecystokinin-pancreozymin (CCK-PZ) secreting cell. There are not as yet sufficient data for accurate and final identification of cells secreting CCK-PZ (see POLAK, PEARSE and GIBSON, 1976) ; however a cell named I cell has been found parallel to the distribution of CCK-PZ activity and CCK-PZ immunoreactive cell (CAPELLA and SOLCIA, 1972; BUFFA, SOLCIA and Go, 1976) . In any case, it is conceivable that such cells secreting CCK-PZ (CCK-PZ cells) are distributed in the mucosa of the upper intestine by the classical work performed by BAYLISS and STARLING (1902) . Investigation on the role of Ca in the processes of CCK-PZ extrusion from the mucosa of the upper intestine have been carried out simultaneously and independently in England and in the author's laboratory. SCRATCHERD, SYME and WYNNE, (1976) used the everted sac isolated from the ferret.
The ferret gut was chosen as a most satisfactory preparation, for, in the cat, the muscle layer of the jejunum is equal in thickness to the whole of the mucosa; the preparation of rat intestine they used did not release sufficient quantities of CCK-PZ for accurate assay. They showed that the removal of [Ca) 0 reduced the ability of the sac to secrete CCK-PZ into the incubating medium in response to the stimulus of phenylalanine, but did not abolish it. We used the isolated and perfused rat duodenum, and obtained the following results (KANNO and IMAI, 1976) : introduction of a water extract of raw soybean, the strongest secretagogue for a CCK-PZ cell of the rat, into the lumen of the isolated duodenum caused an extrusion of CCK-PZ that amounted to about 5 mU (Ivy dog unit) per ml. For evoking this response, however, a sufficient supply of oxygen to the isolated duodenum must be mainteined by the addition of washed dog erythrocytes up to 20 corpuscular volume percent to the perfusing solution. Omission of Ca ion from the solution perfusing the blood vessels diminished this CCK-PZ extrusion to an undetectable level, i. e. less than 0.5 mU/ml, despite the fact that the soybean extract in the duodenal lumen contained 3.9 mM=-Ca. This means that extracellular Ca cannot penetrate the mucosal part of membrane facing the duodenal lumen, but it can penetrate basal cell membrane facing the blood capillary, and that the receptors to the secretagogues must be in the luminal part of the membrane.
Such a unidirectional cellular process in stimulus-extrusion coupling in a CCK-PZ cell resembles the process in neuron and neurosecretory cells.
One could postulate a certain cellular mechanism that mediates the events in the receptor sites and the site for Ca entry in CCK-PZ cell. A possible mechanism seems to be generation and conduction of action potential, which is known to mediate the stimulus to the cell body and the Ca entry at the terminal membrane in neurons and neurosecretory cells (KANNO and IMAI, 1976) .
3.
Regional differences in the cell membrane of paraneuron
There are three main events in the stimulus-extrusion coupling: reception of stimulus, conduction of excitation, and extrusion of secretory substances. These events seem to correspond to the functional characteristics of the three different regions of the membrane of secretory cells respectively.
The regional difference in the cell membrane of the neuron has already been proposed by GRUNDFEST (1957) as follows: (1) the input receptive region is electrically inexcitable and responds to specific stimuli with a characteristic electrogenesis which may be depolarizing (excitatory) or, hyperpolarizing (inhibitory); (2) when the net electrogenesis of the input is depolarizing, it can initiate spikes in the conductile, spike-generating region; (3) these signals, reaching the terminal output region of the cell, cause extrusion of the A stimulus-induced change in conformation in the input region may result in the inward movement of Na' and Ca''.
The inward movement of Na' may sometimes coincide with a graded depolarization which may occasionally generates all-or-nothing, short-duration action potential possibly in the intermediated conductile region drawn in red line. A rise in CCaz');, whether it coincides with Na-dependent depolarization or not, may initiate extrusion of granules or vesicles by eccytosis in the output region (black line). These same three main events may also occur in the corresponding three regions of the membrane of the neurosecretory cell.
Regional differences in the cell membranes of various types of secretory cells are schematized in Fig. 1 . The input region seems to be electrically inexcitable and responds to specific chemical stimuli (secretagogues).
A stimulus-induced change in the input region of paraneurons may result in the inward movement of Na+ and Ca++. The inward movement of Na+ may sometimes coincide with a graded depolarization which may occasionally generate all-or-nothing, short-duration action potentials possibly in the intermediate region. TzscHLER and his co-workers (1977) could record short-duration action potentials from many, but not all, of the APUD cells, and proposed that short-duration action potentials may be a new and relatively specific marker shared by APUD cells. Their view leads to the question of whether Similarity and dissimilarity between the action potentials could mediate the stimulus-extrusion coupling i n paraneurons or not. In the CCK-PZ cell, action potentials might mediate the unidirectional processes of the coupling (KANNO and IMAT, 1976) . The same thing might be true in the pancreatic B cell and adrenal chromaffin cell. But, generation of action potentials does not seem to be indispensable in the coupling of the chromaffin cell. Supports for this view are (1) electrical stimulation at tetanizing frequency is ineffective causing adrenaline extrusion from the denervated adrenal medulla (ROSENBLUETH and CAN-NON, 1934) ; and (2) ACh induces adrenaline extrusion in the absence of external Na+ (DOUGLAS and RUBIN, 1961) , whereas no action potential is obtained i n a Na-free medium (BRANDT et al., 1976) and in the presence of tetrodotoxin, a specific blocker of Na spike mechanisms (BIALES, DICHTER and TISCHLER, 1976) .
A rise in (Ca++) i, whether it coincides with Na-dependent depolarization or not, paraneurons and the pancreatic acinar cell may initiate extrusion of granular contents. If eccytosis (BENNETT, 1969) is the mode of extrusion of secretory granules, the cell membrane at the output region should be rearranged by fusion with the membranes of granules. Membrane resistance of the output region might therefore increase during eccytosis if membrane resistance of the granule is higher than that of the other regions. Ionic permeability of the output region might decrease during eccytosis if ionic permeability of the membrane of the granule is lower than that of the other regions.
A similar speculation has been made in the pancreatic acinar cell (KANNO, 1972) . In fact, JOHNSON and ScARPA (1976) have recently shown that the isolated chromaffin granule is impermeable to the cati.ons tested (Na+, K+, H+, Ca++ and Mg++).
4.
Endocrine and paracrine; modes of transmission of paraneuronic hormones
In addition to the above-mentioned characteristics in the active state of secretion, the paraneurons bear resemblance to the neurons in the mode of transmission of their hormones.
A typical endocrine cell extrudes its hormone into the blood or lymph. Some of the paraneurons, for example pancreatic B cells and adrenal chromaffin cells behave as typical endocrine cells in regard to the mode of the secretion of their hormones. Insulin, secreted by the pancreatic B cell, is a systemic hormone in most cases. However, it may be called upon as a local hormone in the following case : insulin seems to potentiate and uphold the effect of CCK-PZ solely in the blood capillaries surrounding the pen-insular acini (KANNO, VEDA and SAITO, 1976; KANNO and SAITO, 1976) . Somatostatin, secreted by the pancreatic D cell and certain cells in the hypothalamus and in the intestinal mucosa (see HoKFELT et a!.,1975) , is regarded as a local hormone in most cases (CREUTZFELDT, 1976) : somatostatin may be extruded from these cells into the intercelluar space where the hormone acts locally on the adjacent target cells. Such a mode of hormonal action has been called paracrine secretion (FEYRTER, 1933) . The concept of paracrine secretion is no longer different from that of the chemical transmission of neurotransmitters.
5.
Similarity and dissimilarity between the paraneurons and the pancreatic acinar cell 
